In visual area V2 of monkeys, cytochrome oxidase (CO) histochemistry reveals a system of stripe-like subregions where densely labeled thick and thin stripes and pale interstripes can be recognized. Several lines of evidence suggest that CO stripe-like subregions are associated with functional streams in the visual cortex. In the present study, the distribution of retrogradely labeled callosal cells in V2 and the pattern of CO staining were correlated using tangential sections through the flattened cortex. Spectral and coherency analyses of the callosal and CO patterns were performed to assess quantitatively the degree of spatial correlation between these two patterns. The results showed that labeled callosal cells accumulated along the V1/V2 border and in finger-like bands that protruded up to 7-8 mm into V2. These callosal bands were in register with thick and thin CO stripes, with relatively few labeled callosal cells found in interstripe regions. This finding supports the notion that the distribution of callosal connections in the visual cortex is dictated not only by the topography of visual areas, but also by the arrangement of cortical functional streams. Further, these results extend to interhemispheric pathways the notion of functional specificity currently associated mainly with some visual intrahemispheric pathways.
Introduction
In adult mammals, interhemispheric connections through the corpus callosum are not distributed uniformly across the expanse of sensory neocortex, but instead form elaborate patterns that are consistent across individuals of the same species. It is commonly thought that patterns of callosal connections bear specific spatial relationships with the underlying topographic maps of the sensory periphery. In the visual cortex, it has traditionally been believed that callosal connections concentrate at the borders between adjacent visual areas where the vertical meridian of the visual field is often represented (e.g., Berlucchi et aL, 1967; Van Essen and Zeki, 1978; Olavarria and Montero, 1984; Thomas and Espinoza, 1987) . This idea has stimulated much research (reviewed in Innocenti, 1991; Kennedy et aL, 1991) and inspired the hypothesis that visual callosal connections are concerned with establishing anatomical and functional continuity across the vertical meridian of the visual field (e.g., Choudhury et aL, 1965; Berlucchi etaL, 1967; Hubel and Wiesel, 1967; Blakemore ef aL, 1983) .
However, recent studies have suggested that the distribution of callosal connections may not only reflect visual cortical topography, but also may be correlated with the modular architecture revealed in some areas with cytochrome oxidase (CO) histochemistry. Thus, in galagos (Cusick etaL, 1984; Beck and Kaas, 1994) and cats (Boyd and Matsubara, 1994) callosal connections in the striate cortex form patches whose distribution has been related to the pattern of CO-dense 'blobs'. In area V2 of monkeys, CO histochemistry reveals a system of stripe-like subregions where densely labeled thick and thin stripes and pale interstripes can be recognized (Horton and Hubel, 1981; Tootell etaL, 1983 Tootell etaL, , 1985 Livingstone and Hubel, 1984; Horton, 1984; Hendrickson, 1985; Olavarria etaL, 1989; Van Essen etaL, 1990) . Interestingly, in several primates callosal connections in V2 appear as 'fingers' that extend anteriorly from the V1/V2 border region, resembling the arrangement of CO stripes in V2 (Van Essen et aL, 1982; Cusick et aL, 1984; Kennedy etaL, 1986; Gould etaL, 1987) .
In macaque monkeys, callosal fingers in V2 have been reported to protrude 4-5 mm from the VI border into V2 (Van Essen and Zeki, 1978; Van Essen et aL, 1982) , and isolated patches of callosal connections have been observed even further into V2 (Kennedy et aL, 1986) . Kennedy et al. (1986) reported that callosal patches in macaque V2 overlap with regions of high CO activity. However, the exact correlation between callosal fingers and CO stripes in V2 is not clear in their study because the relationship between these patterns was examined only in parasagittal sections, and not over a large tangential area. Determining the detailed relationship of callosal connections with CO stripes in V2 is potentially important because these stripes have been associated with functional streams in the visual cortex (Ungerleider and Mishkin, 1982; Mishkin et aL, 1983; Livingstone and Hubel, 1987; DeYoe and Van Essen, 1988) .
In the present study we took advantage of a method for physically unfolding and flattening the cortex of gyrencephalic brains (Olavarria and Van Sluyters, 1985) to compare directly the callosal and CO-staining patterns over broad regions in macaque V2. In addition, we performed spectral and coherency analyses on the distributions of labeled callosal cells and CO staining to evaluate quantitatively the degree of correlation between these distributions.
Our results showed that labeled callosal cells congregated along the V1/V2 border and in finger-like bands that protruded up to 7-8 mm into V2. These callosal bands were in register with thick and thin CO stripes, with relatively few labeled callosal cells found in interstripe regions. These results suggest that the distribution of callosal connections in visual cortex is dictated not only by the topography of visual areas, but also by the arrangement of cortical functional streams. Some of these data have been presented previously as an abstract (Olavarria and Lewis, 1992) .
transected with a scalpel, and one or more pieces of polyacrylamide gel impregnated with 15% HRP (Griffin et aL, 1979) were implanted with fine forceps between the cut ends. In the third monkey, callosal connections were revealed by the retrograde transport of the fluorescent tracer Nuclear Yellow (NY, 5% in dH 2 O; Sigma). Multiple injections (total volume of -1.0 ul pressure-injected through glass micropipettes with 50-100 um internal tip diameter) of NY were delivered into the splenium of the corpus callosum and adjoining regions of the left hemisphere.
Survival periods for the retrograde transport of tracers of 2 (for HRP) or 4 (for NY) days were allowed, after which the animals were deeply anesthetized with pentobarbital sodium (0.4 mg/kg i.v.) and perfused through the heart with normal saline followed by a brief (7-8 min) perfusion (Olavarria and Van Sluyters, 1985) with either 2% glutaraldehyde (for HRP) or 2% paraformaldehyde and 0.5% glutaraldehyde (for NY) in 0.1 M phosphate buffer. Surgical procedures followed the principles of laboratory animal care (NIH publication 85-23, 1985) , and protocols approved by the animal care committee at the University of Washington (IACUQ.
Histochemical Processing
In the two monkeys in which HRP gels were applied directly to the transected callosum, the hemispheres were unfolded and flattened according to procedures described previously (Olavarria and Van Sluyters, 1985) . Only three hemispheres were studied in these monkeys because one hemisphere was damaged during the flattening process. Due to intrinsic cortical curvature, it was necessary to make several cuts in the margin of the cortex so that the areas of interest would lie completely flat. The locations of these cuts were chosen so as to preserve as much as possible the continuity of V2. In the third monkey, the right occipital operculum containing portions of dorsal and ventral V2 was separated from the rest of the brain and flattened between glass slides. The flattened tissue from all three animals was left overnight at 4°C in 0.1 M phosphate buffer between glass slides. The glass slides were then removed and the tissue was subsequently left in fixative for -30 min, placed in 20% sucrose in 0.1 M phosphate buffer until it sank, and then frozen and cut tangentially at 40 um. A one in four series of sections was processed for CO histochemistry (Wong-Riley, 1979) , while the remaining sections were either reacted for HRP (with tetramethyl benzidine as the chromogen; Mesulam, 1978) , or immediately mounted on glass slides for fluorescent microscopy. In some tissue blocks, portions of the flattened tissue were cut perpendicularly to the cortical surface to analyze the laminar distribution of labeled cells. The sections obtained were first processed for visualizing labeled cells and, after they had been scored, were Nissl-stained to reveal the cortical layers.
Although our primary interest was to study the callosal pattern in V2, we also sectioned and processed blocks of tissue containing other extrastriate areas. We observed that many areas, including areas V4 and MT, also contained dense accumulations of labeled callosal cells, confirming that uptake of the tracers was not restricted to callosal axons originating from V2.
Data Acquisition
Histological sections were scored using a microscope equipped with a motorized stage (LEP) controlled by a Gateway 2000 486/33c computer, and the Neurolucida graphic system (MicroBrightField). Typically, a few tangential sections through supragranular cortex contained most of the information regarding the tangential distribution of labeled cells (e.g., see Fig. 2Q . Reconstructions of the callosal patterns were prepared by superimposing all tangential sections containing labeled cells. These sections were carefully aligned with each other using blood vessels and tissue contours as landmarks.
Statistical Analysis
In order to correlate the patterns of callosal cells and CO labeling quantitatively, labeled callosal cells were counted and die intensity of CO staining was measured in areas of V2 where CO stripes were recognizable and cell labeling was dense. In order to count labeled cells, the analyzed regions in the reconstructed patterns (measuring -10-14 mm parallel to the V1/V2 border) were subdivided into parallel sampling strips (0.3 mm wide each) oriented roughly parallel to the CO stripes. Counts in these strips were used to construct distribution curves of labeled callosal cells (see solid line curve in Fig. ID) . The regions in V2 from which cell counts were obtained were scanned in digitized images of neighboring CO-stained sections. The density profiles for CO staining (see dashed curve in Fig. ID) were obtained from the digitized images by using the public domain NIH Image program (written by Wayne Rasband and available via the Internet by anonymous ftp from zippy.nimh.nih.gov or on floppy disk from MTIS, 5285 Port Royal Rd, Springfield, VA 22161, part no. PB93-504868).
We performed a quantitative analysis to assess the degree of correlation between the patterns of callosal neurons and CO stripes. In particular, we wished (i) to test the null hypothesis that callosal neurons were distributed randomly, and (ii) to assess whether fluctuations in both the callosal cell and CO density distributions were spatially aligned with each other. We used spectral analysis to address the first objective and coherency analysis to assess the spatial relationship between callosal cell and CO staining distributions. These techniques are especially suited for analyzing cyclic data series. Similar methods were used by Johnson et aL (1989) in their analysis of the correlation between callosal and association neurons in frontal and parietal cortices of macaque monkeys. In our particular application, the methods we employed take into account the periodic nature of the CO stripes and the requirement for similar periodicity in the distribution of callosal cells if the two patterns are correlated. In addition, these methods have the advantage that they do not require the delineation of the boundaries of CO stripes, which are often difficult to determine. Detailed descriptions of the techniques and software used are provided elsewhere (Gottman, 1981; Williams and Gottman, 1982) .
We first obtained the spectral density function for the callosal cell distribution in order to test whether it differed significantly from that of a random distribution (white noise). The program used (Gottman, 1981; Williams and Gottman, 1982) allowed us to identify frequencies in the distribution of labeled cells that were significant (P < 0.05). We then performed a cross-spectral analysis of coherence and phase to determine whether the distribution of labeled cells and CO-density profile cohered significantly {P < 0.05) at these frequencies. Finally, phase values not significantly different from zero (P > 0.05) for a particular frequency indicated that the two data series were nearly perfectly aligned at that frequency.
Results
Labeled cells were observed in broad regions in both dorsal and ventral V2 in all three monkeys studied. In all cases, virtually all labeled cells were found in tangential sections cut through supragranular layers. The supragranular distribution of labeled cells was confirmed by analyzing sections cut perpendicular to the surface of the flattened cortex.
In all four hemispheres studied, callosal connections in V2 formed finger-like accumulations that protruded into V2 from the V1/V2 border. Correlation of this labeling pattern with the arrangement of V2 CO stripes could not be carried out in one hemisphere due to poor labeling of the sections stained for CO. In the remaining three hemispheres, the callosal fingers were in register with CO-dense stripes. Results from these three hemispheres are illustrated in Figures 1-3- In the two monkeys whose cortices were unfolded and flattened, the tangential sections included portions of opercular striate cortex and both banks of the lunate sulcus (for dorsal V2) or both banks of the inferior occipital sulcus (for ventral V2). hi these animals we observed that callosal labeling in V2 stopped abruptly at the V1/V2 border. A few HRP-labeled cells were observed within VI, and most of them were located within 0.5 mm of the VI border as determined in neighboring CO-stained sections. Within V2, labeling within a 0.5 mm wide strip immediately adjacent to the VI border appeared relatively continuous ( Further away from the V1/V2 border, the pattern of callosal labeled cells in V2 was characterized by numerous, regularly spaced, finger-like protrusions that extended roughly perpendicularly from the V1/V2 border. Figure 1 shows the results from a monkey that received an implant of acrylamide gel-HRP into the corpus callosum. Figure \A shows the callosal labeling pattern reconstructed from tangential sections through ventral V2. hi this case, the callosal fingers extended up to -5 mm into V2, although less dense labeling could be observed as far as 7 mm from the V1/V2 border. The pattern of CO staining (Fig. IB) revealed an alternation between CO-dense and CO-pale stripes oriented roughly perpendicularly to the V1/V2 border. Moreover, among the CO-dense stripes, wide stripes CD alternated with thin stripes (t), presumably corresponding to the arrangement of thick and thin CO stripes described previously in monkey V2 (Horton and Hubel, 1981; Tootell et aL, 1983; Livingstone and Hubel, 1984; Horton, 1984; Hendrickson, 1985; Olavarria et aL, 1989; Van Essen et aL, 1990) . The callosal and CO patterns are superimposed in Figure \C . The area analyzed (between dashed lines in Fig. 1Q measured 135 mm parallel to the V1/V2 border, and contained seven CO-dense stripes (indicated with arrows in Fig. 1A-C) .
Inspection of Figure \C suggests that callosal cell clusters coincide with densely labeled CO stripes, with few cells in the interstripe regions. This impression was borne out by our quantitative analysis. In Figure ID , the solid line represents the distribution of labeled cells, whereas the dashed line indicates the density profile for CO staining. The spectral analysis of the distribution of labeled cells showed a frequency that was significant (P < 0.05), with period of-2 mm. The cross-spectral analysis of coherence and phase showed that the coherence was significant (P < 0.05) at this frequency. Furthermore, the phase (0.01) was not significantly different from zero at this frequency (P > 0.05), indicating that the two data series were nearly perfectly aligned.
Similar results were obtained from dorsal V2 in the same animal (Fig. 2) . Again, labeled cells formed finger-like clusters extending into V2 (Fig. 2A) . Figure 2C is a photomontage showing HRP-labeled cells from one of the sections used to reconstruct the finger-like cluster marked with the arrow in Figure 1A . The longest finger-like protrusion in this case extended nearly 8 mm into V2. Figure 2J5 shows the distribution of callosal cells and CO staining in the area analyzed. The spectral analysis of the distribution of labeled cells showed a significant (P < 0.05) frequency with a period of 2 mm. The cross-spectral analysis of coherence and phase showed that the coherence was significant (P < 0:05) at this frequency, and that the phase (0.03) was not significantly different from zero (P > 0.05). Data from dorsal V2 in the second monkey studied with HRP is shown in Figure 5A ,B. As illustrated in Figure 3A , the density of labeled callosal cells decreased sharply at the V1/V2 border (to the left in Fig. 3A) . On the V2 side, there was a region of continuous labeling near the V1/V2 border from which fingers of labeled callosal cells extended as far as 5 mm into V2. Inspection of Figure 3B suggests a good correspondence between the peaks in labeled cell density and the peaks in CO labeling density. The spectral analysis showed a significant (P < 0.05) frequency with a period of 1.6 mm in both labeling patterns, and a phase (0.07) not significantly different from zero (P > 0.05).
The data illustrated in Figure 3C ,D show that a periodic clustering of callosal connections in V2 was not dependent on the tracer and methods of applications used since similar results were obtained with injections of NY. The pattern of callosal connections (Fig. 3O was reconstructed from sections cut tangentially to the ventral face of the separated and flattened operculum (see Materials and Methods). Because of this approach, the tangential sections did not include the V1/V2 border and opercular portions of V2, causing the finger-like clusters to appear shorter than in the previous figures. Figure 3 -D shows the distribution of callosal cells and CO staining in the area analyzed. The spectral analysis of the distribution of labeled cells showed a significant (P < 0.05) frequency with period of-2 mm. The cross-spectral analysis of coherence and phase showed that the coherence was significant (P < 0.05) at this frequency and that the phase (0.1) was not significantly different from zero (P > 0.05).
Discussion
We found that callosal cells in V2 accumulate in finger-like bands that are in register with CO-dense stripes. Our results confirm and extend previous studies on the distribution of callosal connections in visual area V2 of the macaque (Winfield et al, 1975; Lund et al, 1976; Rockland and Pandya, 1979; Van Essen and Zeki, 1978; Van Essen etal, 1982; Kennedy et al, 1986) , as well as on the relationship of callosal connections with the CO architecture in V2 (Kennedy et al, 1986) . In addition, our data confirm that callosal labeling in VI is largely restricted to a narrow zone immediately adjacent to the V1/V2 border (Kennedy etal., 1986) .
Relationship of Callosal Cell Pattern to CO Stripes in V2
The callosal pattern we observed was characterized by numerous, regularly spaced, finger-like protrusions which originated from a more continuous distribution of labeled callosal cells at the V1/V2 border. These callosal fingers extended up to 7-8 mm into V2, which is -10-13 mm wide (Olavarria et al, 1989; Van Essen etal, 1990) . Similar patterns of callosal cell distribution have been described in area V2 of squirrel monkeys (Gould etal, 1987; Cusick and Kaas, 1988) and owl monkeys (Newsome and Altaian, 1980; Cusick et al, 1984) .
We used spectral analysis techniques to assess quantitatively the degree of correlation between the distribution of callosal cells with the CO-density profiles in V2. This approach did not require the identification of the boundaries of CO stripes, which can be difficult to delineate unambiguously. Analysis of the distribution of callosal cells revealed that increases in the number of callosal cells occurred about every 1.6-2 mm, which is approximately the distance between thick and thin stripes (Shipp and Zeki, 1989b; Tootell and Hamilton, 1989; Olavarria et al, 1989; Van Essen etal, 1990) . Since these increases in labeled cell numbers were spatially correlated with peaks in CO density, it could be inferred that fingers of callosal connections were in register with both thick and thin stripes. This was confirmed in cases in which CO stripes could be identified by their appearance.
Functional Implications

Functional Streams
The stripe-like subregions in V2 have been related to three parallel functional pathways emanating from VI. One pathway originates from layer 4B in VI and projects to thick stripes in V2, and to more distant areas V3 and MT located in the parietal cortex (DeYoe and Van Essen, 1985; Shipp and Zeki, 1985; Livingstone and Hubel, 1987; Felleman et al, 1988; Shipp and Zeki, 1989a,b) . A second pathway connects CO blobs in VI with thin stripes in V2, and a third pathway connects interblobs in VI with interstripes in V2 (Livingstone and Hubel, 1984) . Thin stripes and interstripes project separately to V4 (DeYoe and Van Essen, 1985; Shipp and Zeki, 1985; Zeki and Shipp, 1989; DeYoe et al, 1988; 1994; Van Essen et al, 1990) , and from here these pathways extend to the inferotemporal cortex (Desimone et al, 1980; DeYoe etal, 1994) .
In recent years, several views have emerged regarding the role of these pathways in vision. One of these views is that the dorsal pathway passing through thick V2 stripes is mainly involved in visual motion analysis, while the ventral pathways passing through thin and interstripes in V2 are concerned with analysis of form and color (Ungerleider and Mishkin, 1982; Mishkin etal, 1983; Maunsell and Newsome, 1987; Livingstone and Hubel, 1987; DeYoe and Van Essen, 1988; Levitt etal, 1994a) . Although the relationship of V2 CO stripes to functional streams may be more subtle or complex (DeYoe and Van Essen, 1985; Schiller et al, 1990; Merigan and Maunsell, 1990; Peterhans and von der Heydt, 1993; Levitt et al, 1994a; Ferrera et al, 1994) , there is general agreement that neurons with selective responses to visual attributes, such as color and motion, tend to cluster in different CO compartments in V2. For instance, directionselective cells have been reported to be more prominent in thick stripes, whereas color-selective cells are more prominent in thin stripes and in interstripes (DeYoe and Van Essen, 1985; Hubel and Livingstone, 1987; Levitt et al, 1994a) . Also, cells in thin stripes apparently lack disparity tuning, whereas thick stripes contain a high proportion of cells responsive to binocular disparity, including true binocular cells (i.e., cells which only respond to stimulation of both eyes and which could be of particular importance for depth perception) (Hubel and Wiesel, 1970; Hubel and Livingstone, 1985, 1987) .
This theoretical framework suggests that the correlation between callosal connections and CO stripes we found in V2 may be functionally significant. For instance, callosal connections associated with thick stripes may participate in the generation of the disparity-selectivity found in some cells in these stripes. In addition, they may contribute to the ipsilateral portion of large direction-and velocity-selective surrounds that modulate responses to moving stimuli within the classical receptive fields of cells in V2 Q. Allman, F. Miezin and E. McGuinnes, manuscript in preparation, cited in Allman etaL, 1985) . These surrounds are analogous to those described more extensively in MT (Allman et aL, 1985; Tanaka et aL, 1986) . As suggested by Desimone et aL (1993) , large suppressive surrounds in MT may be mediated, at least in part, by callosal connections which are widely distributed in this area (Maunsell and Van Essen, 1983 ), but it is also conceivable that callosal influences exerted on thick stripes of V2 may reach area MT through the thick stripe-MT ipsilateral projection (DeYoe and Van Essen, 1985; Zeki, 1985, 1989b) .
On the other hand, thin stripes have been associated with color vision on the basis of their afferent and efferent connections and cell properties (Livingstone and Hubel, 1984; DeYoe and Van Essen, 1985; Shipp and Zeki, 1985; Hubel and Livingstone, 1987; Zeki and Shipp, 1989) . The role of callosal connections originating from thin stripes may be homologous to the role of callosal connections in V4 (Desimone etaL, 1993) , an area thought to play an important role in color vision (Zeki, 1973 (Zeki, , 1980 Schein and Desimone, 1990) . In V4, callosal connections have been implicated in the creation of wavelength selective, suppressive surrounds that extend across the vertical meridian of the visual field (Desimone et aL, 1993) . Desimone and colleagues have speculated that one of the roles of suppressive surrounds in V4 is to mediate long-range context effects in the visual field such as color constancy. The fact that the perceptual phenomenon of color constancy requires an intact corpus callosum in order to span the two hemifields (Land et al., 1983) supports the idea that it involves the callosal pathway. It is possible that callosal connections of thin stripes exert similar influences in V2 at the neuronal level. In addition, callosal influences on thin stripes may be relayed to V4 through ipsilateral thin stripe-V4 connections (DeYoe and Van Essen, 1985; Shipp and Zeki, 1985; DeYoe etaL, 1988 DeYoe etaL, , 1994 Zeki and Shipp, 1989) , where this input may contribute to the callosummediated surround effects that have been described in V4 (Desimone etaL, 1993) .
Segregation and Intermixing of Functional Streams
To what extent do functional streams remain segregated throughout the visual system? Evidence that the three classes of CO stripes identify a segregation of functional pathways comes from studies showing that thick stripes project to MT, while thin and interstripes project to separate compartments in V4 (DeYoe and Van Essen, 1985; Shipp and Zeki, 1985; 1989b; DeYoe etaL, 1988; 1994; Zeki and Shipp, 1989; Van Essen et aL, 1990) . On the other hand, cross-talk between streams appears to occur at several levels, including V2. Indeed, studies of intrinsic connection in V2 have shown that all three stripe classes are interconnected, although there appears to be a tendency for CO-rich stripes to connect with other CO-rich stripes, while COpoor compartments project more equally to CO-rich and CO-poor compartments (Livingstone and Hubel, 1984; Rockland, 1985; Levitt etaL, 1994b; Malach etaL, 1994; J. F. Olavarria and B. J. O'Brien, unpublished observations) .
Our data indicate that the pattern of interhemispheric connections in V2 differs from the pattern of intrahemispheric cortico-cortical connections. While interstripes maintain intrinsic connections with other interstripes and neighboring CO-rich stripes, we found that, except for a narrow region at the V1/V2 border, interstripes are not callosally connected among themselves, nor do they send many projections to contralateral CO-rich stripes. Furthermore, although V2 has been shown to send direct callosal input to more anterior extrastriate areas (Dehay etaL, 1986; Kennedy et aL, 1986) , our data suggest that interstripes do not project callosally to other extrastriate areas involved in the callosotomy, in particular area V4, which is a major target for ipsilateral projections from pale interstripes (DeYoe and Van Essen, 1985; Shipp and Zeki, 1985; DeYoe et aL, 1988; Zeki and Shipp, 1989) . Regarding thick and thin stripes, further studies are necessary to determine to what extent their contralateral projections to V2 and other visual areas contribute to the segregation and/or mixing of cortical streams.
Callosal Pattern and Visual Topography in V2
Callosal connections may be primarily concerned with the vertical meridian of the visual field (Choudhury et aL, 1965; Berlucchi etaL, 1967; Hubel and Wiesel, 1967) . Support for this idea comes from reports indicating that some loci in V2 located as far as 5 mm from the V1/V2 border have receptive fields on or near the VM (Van Essen and Zeki, 1978) . In this context, our results would suggest that receptive fields overlapping the VM would be more prevalent in CO-rich stripes than in interstripes, due perhaps to an increase in receptive field size or scatter, but this suggestion cannot be evaluated with available mapping data from this area (Van Essen and Zeki, 1978; Gattass et al, 1981; Rosa etaL, 1988) .
Alternatively, callosal connections in V2 may integrate information from regions in the ipsilateral hemifield away from the vertical meridian. Support for this idea comes from the report by Kennedy et aL (1985) indicating that in area V2 of the baboon there is a strip of cortex adjacent to the VI border subserving receptive fields in the ipsilateral hemifield. Neurons with ipsilateral receptive field centers were found as far as 6 mm from the V1/V2 border.
The exact topography of callosal influences from beyond the vertical meridian ultimately depends on the organization of callosal linkages. Callosal fibers may link non-anatomically corresponding loci that represent similar visual field coordinates, as in lateral striate cortex of rats and cats (Lewis and Olavarria, 1995; Olavarria, 1996) . Alternatively, callosal fibers may connect anatomically corresponding loci representing receptive fields located on either side of the vertical meridian. In the latter case, excitatory callosal influences could lead to the assembly of large bilateral receptive fields whose ipsilateral component would be dependent on the callosal pathway, as is the case for the majority of neurons in inferotemporal cortex (Rocha-Miranda et aL, 1975) . On the other hand, inhibitory callosal influences could contribute to large silent surrounds exerting suppressive modulation of classical receptive fields close to the midline, as occurs in V4 (Desimone etaL, 1993) and MT (Allman etaL, 1985) .
Determining the fine organization of callosal connections in V2 will thus be an important step for understanding the functional role of this pathway, and efforts towards this goal are currently underway in our laboratory (Abel et aL, 1995) . Moreover, since the development of specific patterns of callosal linkages may depend on the nature of the cues leading to the stabilization of juvenile connections (Olavarria and Li, 1995; Olavarria, 1996) , knowing the organization of callosal linkages in macaque V2 may also help us to identify factors guiding the
